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Purpose 

Mutations affecting the KRAS gene are an established negative predictor for anti- 
epidermal growth factor receptor (anti-EGFR) therapies in metastatic colorectal cancer 
(CRC). However, the role of KRAS mutation as a biomarkerfor anti-vascular endothe- 
lial growth factor (VEGF) remains controversial. 

Materials and Methods 

We analyzed retrospective data from 32 CRC patients who were available for KRAS 
mutation status and received cytotoxic chemotherapy plus bevacizumab as a first-line 
therapy. Six of 32 patients received anti-EGFR therapies. We used KRAS mutation 
status as a predictive or prognostic factor in CRC patients receiving bevacizumab. 

Results 

We observed mutations in KRAS in 59.4% of patients. Bevacizumab was used in 
combination with oxaliplatin based regimens. There was no significant difference for 
progression free survival (PFS) and overall survival (OS) in patients with oxaliplatin 
based cytotoxic chemotherapy plus bevacizumab according to the status of KRAS 
mutation. After first-line therapy, 28 patients (87.5%) received second-line therapy. 
In univariate analysis, KRAS mutations did not have a major prognostic value for PFS 
(hazard ratio, 1.007; 95% confidence interval [CI], 0.469 to 2.162; p>0.05) or OS 
(hazard ratio, 0.548; 95% CI, 0.226 to 1.328; p>0.05). In addition, anti-EGFR 
therapies did not affect the impact on OS. 

Conclusion 

KRAS mutation is neither a predictive for bevacizumab nor a prognostic for OS in CRC 
patients receiving anti-VEGF therapy. 
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Introduction 



Colorectal cancer (CRC) is the fourth most common cancer 
in men and third most common cancer in women worldwide 
[1]. Although patients diagnosed with early stage disease 
have a high cure rate, many present later when five year 
survival is 5-8%. Palliative chemotherapy is the only option 



for the majority of these patients. With advances in systemic 
chemotherapy for metastatic CRC, survival has increased 
from 12 months with fluorouracil (5-FU) monotherapy to 
about 2 years with the addition of oxaliplatin, irinotecan, and 
targeted or biologic agents [2-4]. 

The epithelial growth factor receptor (EGFR) and the 
vascular endothelial growth factor (VEGF) are related to the 
growth, survival, proliferation and metastasis of tumor cells. 
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Thus, targeted agents that are capable of inhibiting signal 
transduction through EGFR and VEGF have been developed 
[5-8]. This led to the advent of many EGFR- and VEGF- 
inhibitors, of which cetuximab and bevacizumab are among 
the most common. Cetuximab efficacy for front line 
chemotherapy improves when administered with anti-EGFR 
agents, but this effect is restricted to patients with wild type 
Kirsten-ras (KRAS) gene [9,10]. Therefore, current guidelines 
recommend testing the status of KRAS mutation as a routine 
procedure to avoid unnecessary treatment potentially 
associated with significant toxicity. This patient selection 
engenders significant cost savings inhealth care systems [11]. 
Bevacizumab is humanized monoclonal antibody against 
VEGF, the major mediator of angiogenesis. Bevacizumab is 
the first drug developed as an inhibitor of angiogenesis to be 
approved by the Food and Drug Administration (FDA), 
based on the survival benefit seen in a landmark trial for 
first-line treatment of metastatic CRC when combined with 
conventional chemotherapy [12]. However, unlike cetux- 
imab, despite intense research efforts, no biomarker that can 
identify the patients who would benefit from bevacizumab 
therapy has yet been found. The cost and toxicity of 
bevacizumab accentuate the need for predictive markers for 
both efficacy and toxicity. 

VEGF is an important regulator of physiologic and 
pathologic angiogenesis and is overexpressed in many 
malignancies [13]. VEGF and EGFR pathways interact, 
increasing angiogenesis [14,15]. RAS pathway signaling 
increases expression of VEGF and represses negative 
regulators of angiogenesis, suggesting that aberrations in 
KRAS may influence the response to anti-angiogenic therapy 
[16-18]. However, the role of KRAS mutation as a biomarker 
for anti-VEGF remains controversial. 

We evaluated the role for the status of KRAS mutation as 
predictive and prognostic marker in CRC with anti-VEGF 
therapy. 



Materials and Methods 

1. Patients 

We reviewed the records of 32 CRC patients who were 
available for KRAS mutation status and treated with 
cytotoxic chemotherapy plus bevacizumab as a first-line 
therapy at the Korea University Anam Hospital, Seoul, Korea 
between April 2007 and January 2011. All patients had patho- 
logically or cytologically proven metastatic or recurrent CRC. 
During treatment, all patients received bevacizumab and 
some patients with wild type KRAS were treated by 



anti-EGFR therapies. Clinical information collected from the 
medical records of each patient were physical examination, 
surgical and pathologic reports, and imaging. Medical 
information including chemotherapy regimens, response, the 
date of progression, date of last visit and deaths were 
collected. 

2. Treatment 

The decision whether chemotherapy was conducted or not 
depended, in all cases, on the discussion between physician 
and patient. The chemotherapy regimen was determined by 
the physician. All three chemotherapeutic agents (5-FU, 
oxaliplatin, and irinotecan) were used over the treatment 
course. Bevacizumab was always administered concomi- 
tantly with intravenous or oral 5-FU plus oxaliplatin 
(FOLFOX or XELOX) regimen for the first-line treatment. 
Some patients with wild type KRAS were treated by an 
anti-EGFR agent, but not combined with bevacizumab. All 
tumors were evaluated after every three or four cycles of 
chemotherapy, by computed tomography scan and other 
tests that were used initially to stage the tumor. Responses 
were classified according to the Response Evaluation Criteria 
in Solid Tumors (RECIST) ver. 1.0. 

3. Mutation analysis 

We extracted DNA from five paraffin sections of 10 u.m 
thickness containing a representative portion of tumor tissue 
(Qiagen, Hilden, Germany). Fifty nanograms of DNA were 
amplified in a 20 u.L reaction solution containing 10 \iL of 
2 x concentrated Hot StarTaq Master Mix (Qiagen), including 
polymerase chain reaction buffer, 3 mM MgCh, 400 u.M each 
of dNTP, and 0.3 u.M each of the primer pairs (codon 12, 13; 
F: 5'-CGTCTGCAGTCAACTGGAAT, R: 5'-GAGAATGGTC- 
CTGCACCAGTAA). Amplifications were performed using 
a 15 minute initial denaturation at 95°C, followed by 35 
cycles of 30 seconds at 94°C, 30 seconds at 59°C, 30 seconds 
at 72°C, and a 10 minute final extension at 72°C. The 
polymerase chain reaction (PCR) products were then 2% 
gel-purified using the QIAgen gel extraction kit (Qiagen). 

DNA sequencing was conducted as follows. First, digested 
mutated DNA was used as a template for the second PCR, 
in which the primer Ras 3 antisense; (5' -GGATGGTCCTC- 
CACCAGTAATATGGATATTA-3') was used instead of Ras 
2 (3')- The PCR was run under the same conditions as the first 
PCR for 32 cycles. Because of the nested antisense primer 
(Ras 3), the second PCR generated a fragment of 152 bp. This 
mutated DNA was excised from 3% agarose gels. The ampli- 
cons were then purified using the High Pure PCR Product 
Purification kit (Boehringer-Mannheim, Mannheim, 
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Table 1. Patient demographic and clinical characteristics 



Characteristic 


No. of patients 




KRAS 






MT (n=19) 


WT (n=13) 


p-value 




Age (yr) 












Median (range) 


53.5 (20-70) 










Gender 












Male 


23 


12 


11 


0.25 




Female 


9 


7 


2 






ECOG performance status 












0-1 


32 


19 


13 


- 




Primary site of tumor 












Right 


10 


5 


5 


0.70 




Left 


22 


14 


8 






Tumor grade 












Well 


9 


8 


1 


0.05 




Moderate / Poor 


23 


11 


12 






Prior adjuvant chemotherapy 


9 


4 


5 


0.24 




Metastasized sites 












Lung 


17 


10 


7 


0.65 




Liver 


17 


11 


6 


0.78 




Lymph nodes 


15 


8 


7 


0.31 




Peritoneum 


8 


6 


2 


0.68 




Bladder 


1 


0 


1 


0.38 




Ovary 


1 


1 


0 


0.63 




Bone 


3 


1 


2 


0.54 




No. of metastatic sites 












<2 


25 


15 


10 


0.61 




>2 


7 


4 


3 






Ascites /Pleural effusion 


1 


1 


0 


0.63 




Hydronephrosis 


1 


0 


1 


0.38 




Anti-EGFR therapies 


6 


0 


6 


0.01 





MT, mutant; WT, wild type; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor. 



Germany). Five ng of the purified amplicons was used for 
sequencing, performed with the Big Dye RR Terminator 
reaction (ABI, Weiterstadt, Germany). The product was run 
on a 5% polyacrylamide gel in an ABI 373A Sequencer (ABI) 
and analyzed for point mutations of the respective a 
mplicons. 

4. Statistical analysis 

Treatment outcomes were estimated as response rate (RR), 
progression free survival (PFS), and overall survival (OS). 
Tumor response was determined according to RECIST ver. 
1.0. PFS was defined as the time from the date of the diagno- 
sis for recurrence or metastatic disease to the date of disease 
progression or death from any cause. OS was defined as the 
time between the date of the diagnosis for recurrence or 



metastatic disease and the date of death. The PFS for 
oxaliplatin-and irinotecan-based chemotherapy and the OS 
according to KRAS status were analyzed with the Kaplan- 
Meier method to estimate the probability of survival and 
survival difference with the log-rank test. The X 2 -test or 
Fisher's exact test as appropriate compared categorical 
variables. Two-sided null hypotheses of no difference were 
rejected if p-values were less than 0.05, or, equivalently, if 
the 95% confidence interals (CIs) of risk point estimates 
excluded 1. 

Cox proportional hazards regression model was employed 
in univariate and multivariate analyses to identify the signif- 
icant independent prognostic factors of various clinical 
parameters for survival. Variables found significant at the 
0.05 level in univariate analysis for OS were included in 
multivariate analysis. 



50 CANCER RESEARCH AND TREATMENT 



Seung Tae Kim, Impact of KRAS Mutation Status in Metastatic Colon Cancer 



Table 2. Response to chemotherapy according to KRAS mutation status 





First-line therapy including anti-VEGF (n=32) 


Second-line therapy (n=28) 




KRAS WT (n=13) 




KRAS MT (n=19) 


KRAS WT (n=13) 


KRAS MT (n=15) 


Complete response 








1 




Partial response 


6 




10 


3 


3 


Stable disease 


5 




6 


3 


9 


Progressive disease 


2 




3 


6 


3 


Overall response rate 


46.2 




52.6 


30.8 


20.0 


p- value 




0.72 






0.67 



VEGF, vascular endothelial growth factor; WT, wild type; MT, mutant. 




12 18 
Time (mo) 

Fig. 1. Progression free survival (PFS) to oxaliplatin 
chemotherapy plus anti-VEGF agents according to KRAS 
mutation status. 
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Fig. 2. Overall survival (OS) according to KRAS mutation 
status. 



Results 

1. Patient characteristics 

Thirty two patients who were diagnosed with metastatic 
or recurrent CRC between April 2007 and January 2011 were 
tested for KRAS mutation status and received oxaliplatin 
based chemotherapy plus bevacizumab as first-line therapy. 
Among 32 patients who experienced disease progression 
after starting first-line therapy, 28 (87.5%) were treated with 
irinotecan based chemotherapy. During treatment, six of 32 
patients received anti-EGFR therapies, not combined with 
bevacizumab. KRAS mutations were detected in 59.3% of 
tested patients. Table 1 summarizes the patient characteris- 



tics by KRAS mutational status. The median age was 53.5 
years (range, 20 to 70 years) at diagnosis, and the male/ 
female ratio was 2.5/1.0. Patient characteristics were similar 
between the KRAS mutation and the KRAS wild type groups. 
Moderate /poor differentiated tumors were observed more 
frequently in those with KRAS wild type compared to KRAS 
mutant patients (p=0.05). 

2. Outcomes for chemotherapy 

The overall RR of bevacizumab plus FOLFOX or XELOX 
was 50.0% and disease control rates 84.3% (Table 2). There 
was no significant difference for response (p=0.72) according 
to the status of KRAS mutation. Median PFS for first-line 
chemotherapy was 7.1 (95% CI, 5.8 to 8.4). There was no 
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Table 3. Univariable survival analysis with proportional hazard regression in CRC patients with anti-VEGF therapies 



1 Prognostic marker 


Hazard ratio 


95% CI 


p-value 


PF^ for ^nH-V'Pfi'P nlnt; ov^ilinl^iHn 

± 1 LKJL ClXLLi. V JjVjI L/1L1S V-'A.tlli L'lC! Ll± L 








L/ascCl LILcIILULILcIaUy 








Age ( *c 65 yr vs. s> 65 yr) 


1.537 


0.649-3.637 


0.328 


Gender (female vs. nifile) 


9 3^3 


n QAA R 7^9 
U."00-J./ D£. 


u.uou 


Qit"P I Iprt" \tc T"itTnt"l 
Jilt: ^icll VS. LktLLlL) 


1.461 


U.UJJ D.D\jD 


n 373 


^jldClc V,VVfc:ll Vh. illOtlclclLt; / UUUI ^ 






fl 334 


Anniizant rhpinntnpTa y~ii t ir\r\ \tc \tcc i 
rtLllU.Vd.llL GllclllCHlLt:ld.ljy ^ILU Vs. y c5j 


0.771 


fl T39-1 7Q0 
u. ddl. l.j yyj 


n ■vis 


Mo nf mptaQtatir' ^lfpc I <C 9 vq 9 1 

1 \ \J. \Jl 11 ICLC1SLC1L1\_ S1LCS ^ _i £ VS. / L. J 


0.774 


0 306-1 955 


0.588 


Ascites / Pleural effusion (no vs. yes) 


0.674 


0.089-5.118 


0.703 


Hydronephrosis (no vs. yes) 


1 £41 


fl 91 Q 19 97A 


V.OJV 


KRAS mutation (no vs. yes) 


1.007 


0.469-2.162 


0.986 


Rpcnnrwp ( vpq v<* no) 

ixcopuiiac y yea vs. j 


0.288 


0 1 26-0 658 


0.003 


WVclall sU.lVIVd.1 








Age(<65yrvs. >65vr) 


0.921 


0.370-2.298 


0.861 


Sex (female vs. male) 


0.700 


0.271-1.803 


0.460 


Site (left vs. right) 


2.934 


0.949-9.073 


0.062 


Grade (well vs. moderate / poor) 


0.569 


0.220-1.470 


0.244 


Adjuvant chemotherapy (no vs. yes) 


1.319 


0.517-3.363 


0.563 


No. of metastatic sites ( < 2 vs. > 2) 


0.158 


0.045-0.555 


0.004 


Ascites / Pleural effusion (no vs. yes) 


2.038 


0.266-15.613 


0.493 


Hydronephrosis (no vs. yes) 


0.399 


0.050-3.158 


0.384 


KRAS mutation (no vs. yes) 


0.548 


0.226-1.328 


0.183 


Anti-EGFR therapies (yes vs. no) 


0.742 


0.268-2.056 


0.566 



CRC, colorectal cancer; VEGF, vascular endothelial growth factor; CI, confidence interval; PFS, progression free survival; EGFR, 
epidermal growth factor receptor. 



significant difference for PFS between KRAS mutation group 
and wild group (6.3 months; 95% CI, 3.2 to 9.4) vs. 8.5 months 
(95% CI, 4.5 to 12.4; p=0.98) (Fig. 1). In the second-line 
therapy, the overall RR was 25% and disease control rates 
67.8%. According to the status of KRAS mutation, there was 
no significant difference of RR (Table 2). Moreover, patients 
with KRAS mutation showed similar OS as compared to 
patients without mutation (Fig. 2). 

3. Prognostic analysis 

Results of prognostic analysis are provided in Table 3. 
When KRAS was assessed as a prognostic marker, there was 
no evidence as an independent factor for PFS to bevacizumab 
plus FOLFOX or XELOX in univariate analysis (hazard ratio, 
1.007; 95% CI, 0.469 to 2.162; p=0.986). Similarly, there was 
no evidence that KRAS mutation was an independent 
prognostic factor for OS (hazard ratio, 0.548; 95% CI, 0.226 to 
1.328; p=0.183). In univariate analysis of OS, the number of 
metastasizes was only statistically significant prognostic 
factor. In addition, anti-EGFR therapies did not influence OS. 



Discussion 

For metastatic CRC, bevacizumab is clinically beneficial in 
combination with 5-FU alone or 5-FU combined with either 
oxaliplatin or irinotecan. However, no well-validated 
biomarkers have emerged to include or exclude patients 
from bevacizumab. It is unknown whether interactions in 
host-tumor microenvironment, biological features unique to 
the tumor, or features unique to the patients are most likely 
to yield predictors of therapy responsiveness [19]. 

Clinical and preclinical research indicate that alterations in 
the Ras/Raf /Mek/Erk pathway may have clinical relevance 
to the efficacy of anti-VEGF therapies [16-18,20]. In our 
study, there was no significant difference in response 
(p=0.72) or PFS (p=0.98) with the addition of bevacizumab 
to first-line chemotherapy by KRAS mutation status. This is 
consistent with previous retrospective studies. In the 
Hurwits study, there was no apparent interaction on the 
improvement PFS for KRAS status when bevacizumab was 
given in addition to irinotecan plus FU (IFL) chemotherapy 
[12]. However, there was a difference in RR with the addition 
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of bevacizumab to IFL by KRAS mutation status. These find- 
ings were recently confirmed in the Australasian Gastroin- 
testinal Trials Group Mitomycin Avastin Xeloda (AGITG 
MAX) study [21]. The MAX study reported that KRAS gene 
mutation status was neither prognostic for OS nor predictive 
of bevacizumab outcome in patients with advanced CRC. 
The relation between RR and KRAS mutation in MAX study 
was similar to that of the Hurwits study [12,21]. Although 
the Hurwitz study and MAX trial evaluated the role of KRAS 
mutation as predictive marker for the addition of bevaci- 
zumab to first-line chemotherapy, chemotherapy-backbones 
used in these studies were not suitable in metastatic CRC 
patients with relatively good performance status. There is no 
conclusive evidence that bevacizumab has superior activity 
when combined with specific chemotherapy, and rates of 
serious adverse events are similar for patients receiving 
FOLFOX, FOLFIRI, or XELOX. Thus all of these chemother- 
apy backbones may appropriate for combination with beva- 
cizumab in the first-line treatment setting. In our study, all 
patients received bevacizumab plus FOLFOX as first-line 
therapy. Thus, our data set of patients receiving standard 
cytotoxic chemotherapy plus bevacizumab adds significant 
evidence to the lack of influence of KRAS status on the 
outcome of bevacizumab. 

The prognostic values of KRAS mutation remain contro- 
versial in CRC. Our results indicate that KRAS mutation 
status has no major prognostic value for OS in patients with 
metastatic CRC with systemic therapy including bevaci- 
zumab. This finding was in accord with previous studies. 
The CO. 17 study analyzed the prognostic impact by assess- 
ing the relation between KRAS status and survival in patients 
with best supportive care alone [10]. No significant difference 
was evident in median OS in patients with KRAS wild type 
or other mutations. Also, Reinacher-Schick et al. [22]. 
reported no evidence of KRAS gene status having prognostic 
value in metastatic CRC with bevacizumab containing ther- 
apy. In the MAX trial, KRAS gene mutation status was 
neither prognostic for PFS or OS in patients with advanced 
CRC [21]. However, conflicting findings were reported 
simultaneously in the two large collaborative Kristen Ras in 
Colorectal Cancer Collaborative Group (RASCAL) studies of 
2,721 and 4,268 patients with CRC, respectively [23]. While 
the first RASCAL study showed an increased risk of recur- 
rence and death linked to KRAS mutation, the second refined 
this observation to report significant prognostic value in 
failure free survival only with the G12V mutation in Duke's 
C patients. Thus, the clinical impact of our results is difficult 
to predict because many other factors might affect our 
finding. Furthermore, the subanalysis from the Hurwitz 
study showed that patients with KRAS gene mutation had 
a lower overall PFS and OS [12]. 

Our study was a retrospective analysis with small sample 



size. Also, the prognosis of CRC was affected by mutational 
status of many other genes as well as KRAS. The tumorigen- 
esis and tumor progression of CRC result from multiple 
genetic and epigenetic abnormalities, including defective 
DNA mismatch repair and mutation of KRAS, NRAS, BRAF, 
PI3K, PIK3CA, and p5 [24,25]. These genetic and epigenetic 
changes may affect the survival of patients with CRC, 
although in this study we focused only the status of KRAS 
mutation to analyze the survival of CRC. 

The use of bevacizumab in metastatic CRC has been a topic 
of much debate. Current research is not in agreement. 
Moreover, cost-effectiveness is unclear. These problems may 
be caused by the lack of a confirmative marker for the benefit 
of bevacizumab. Based on many studies including this one, 
the clinical benefit from bevacizumab appears to be 
independent of KRAS status. Nevertheless, researchers must 
make efforts to excavate predictive or prognostic biomarkers 
for biologic agents including bevacizumab. These efforts 
make us move closer to truly personalized medicine of 
cancer, ensuring maximum effectiveness with minimal 
toxicities and a minimum effect on resources. 



Conclusion 

VEGF is an important regulator of physiologic and 
pathologic angiogenesis and is overexpressed in many 
malignancies. VEGF and EGFR pathways interact, increasing 
angiogenesis. RAS pathway signaling increases expression 
of VEGF and represses negative regulators of angiogenesis, 
suggesting that aberrations in KRAS influence the response 
to anti-angiogenic therapy. However, the role of KRAS 
mutation as a biomarker for anti-VEGF remains controver- 
sial. Based on our analysis, KRAS mutation revealed neither 
a predictive for bevacizumab nor a prognostic for OS in CRC 
patients receiving anti-VEGF therapy. 
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